Scedosporium apiospermum has traditionally been thought of as the anamorph of Pseudallescheria boydii (Microascaceae, Ascomycota), but recent molecular studies has demonstrated that they are different species. Since a teleomorph was not observed among isolates recently identifi ed as S. apiospermum , we investigated whether this species could be heterothallic. In this study, 15 isolates of S. apiospermum were paired in all possible combinations, including self-pairings. Several combinations produced fertile ascomata typical of the genus Pseudallescheria , while all isolates were self-sterile. The isolates were grouped into two different mating types. Crosses among F1 progeny ascospores demonstrated a bi-allelic heterothallic mating system. The new species Pseudallescheria apiosperma , teleomorph of S. apiospermum , is proposed and described.
Until recently, it was thought that S. apiospermum was its anamorph [ 5 ,6 ] , but based on a multilocus sequence analysis, Gilgado et al . [ 2 ] delineated numerous phylogenetic species among P. boydii or S. apiospermum isolates. More recent studies provided data to allow those phylogenetic species to be phenotypically distinguished from each other and demonstrated that P. boydii and S. apiospermum were two different species [ 4 ] . At the same time, it was noticed that S. apiospermum is the most common species of the Pseudallescheria boydii complex, which represented approximately half of those isolates included in the study [ 4 ] . While the production of ascomata in routine culture media is a common characteristic among the species of the complex, this telemorphic structure was not found with any of the 66 isolates of S. apiospermum studied by Gilgado et al . [ 4 ] . This could be explained by the fact that this species may need special in vitro conditions to develop its teleomorph or that it has lost the ability to produce the sexual state such that its current reproduction is exclusively clonal. It is also possible that this species has no functional Mat genes or other genes involved in sexual reproduction, as occurs in Bipolaris sacchari [7 ] , or that this species has a heterothallic behaviour [ 8 ] . The existence of heterothallism is not rare in Microascaceae, as it occurs, for instance, in the genus Microascus , where heterothallic and homothallic species are present [ 9 ] . The aim of the current
Introduction
Pseudallescheria is an ascomycetous genus belonging to the family Microascaceae [ 1 ] . The members of this genus usually have a teleomorph (sexual state) characterized by closed ascomata (cleistothecia) and two anamorphs, Scedosporium and Graphium , which produce conidia from conidiogenous cells through annellidic development. It is usual to observe the development of the teleomorph and of the two anamorphs in a single culture of a given isolate, although the Graphium state is more ephemeral. Currently, the genus Pseudallescheria includes six species ( Pseudallescheria angusta , Pseudallescheria boydii , Pseudallescheria desertorum , Pseudallescheria ellipsoidea , Pseudallescheria fusoidea and Pseudallescheria minutispora ), of which P. boydii is the most common [2] [3] [4] . The latter may be readily found in soil, manure, polluted water, etc., and is able to cause severe infections in humans and animals. It is one of the most common clinical moulds after Aspergillus fumigatus [ 5 ] recovered from specimens. study was to investigate the possibility of heterothallism in S. apiospermum .
Materials and methods

Fungal isolates and culturing conditions
Fifteen isolates, representing the intraspecifi c genetic variability of S. apiospermum, were included in the study ( Table 1 ) . In order to obtain single conidial cultures, the isolates were subcultured on potato dextrose agar (PDA; Difco Laboratories, Detroit, Mich.) at 30°C in the dark for 7 days. Conidial suspensions were prepared by scraping the colonies with a sterile metal loop and suspending the fungal material in sterile saline water. The suspensions were vigorously vortexed for 15 s and fi ltered through sterile gauze to remove hyphal fragments so as to obtain suspensions composed almost exclusively of conidia. Serial 10-fold dilutions of these suspensions were inoculated onto PDA and incubated for 24 h at 30°C. Ten germinated conidia were removed by means of a needle under a stereomicroscope and transferred to individual PDA plates.
Mating tests
Single conidial cultures of each of the 15 S. apiospermum isolates were grown on PDA at 30°C in the dark for 1 week. These isolates were paired in all combinations, including self-crosses, on oatmeal agar (OA; 30 g oat fl akes, 1 g MgSO 4 7H 2 O, 1.5 g KH 2 PO 4 , 15 g agar, 1 L tap water). Each isolate was streaked onto one half of an OA plate opposite to the streak of another isolate, allowing for a central zone of contact as the isolates grew. Plates were incubated at 30°C and examined macroscopically each week for up to 6 months for the presence of ascomata. The ascomata that developed were examined microscopically for ascospore development. All tests were performed in duplicate.
Two strains that mated, producing fertile ascomata, were arbitrary designated as plus (CBS 117407) and minus (CBS 117420) mating types respectively, and eight single ascopores were obtained from one ascoma of this cross. To isolate the progeny derived from this cross, an ascoma that had not yet released its ascospores was collected with a sterile needle, washed with sterile water to remove conidia, and then crushed in a droplet of water. A sterile metal loop was used to collect the released ascospores and to transfer them to 50 μl of sterile water. An aliquot of the ascospore suspension was examined under a light microscope to ensure that conidia were not present. The ascospore suspension was spread onto PDA, and incubated for 24 h, and a single germinating ascospore was located under a stereomicroscope and transferred to a PDA plate to ensure that colonies were derived from a single ascospore. Further crosses were made with these monosporic cultures using the procedure described above. Two single ascospore isolates found to be of an opposite mating type (CBS 124163 as plus and CBS 124164 as minus) were crossed as described above with self-sterile strains of other Scedosporium species without known teleomorph, i.e., S. aurantiacum , S. dehoogii and S. prolifi cans ( Table 1 ) , to investigate the biological species boundaries.
Morphological study
Cultural features of the single conidial S. apiospermum isolates were examined on PDA at 30°C. Microscopic features of these isolates and those derived from the crosses were examined on OA by direct mounts in 85% lactic acid. Photomicrographs were obtained under a Leitz Dialux 20 light microscope, using phase contrast and Nomarski differential interference. 
Results
Mating experiments
The 15 isolates of S. apiospermum tested were all selfsterile. From a total of 120 mating tests performed, 27 pairings yielded fertile ascomata ( Table 2 ). In general, ascomata were produced between one and two months of the initial crosses, with some few exceptions that required up to 6 months to form fertile structures. The bi-allelic heterothallic mating system suggested by these results was verifi ed with crosses among F1 ascospore progeny. Of eight single ascospore isolates from one ascoma used, four grouped in one mating type and four in the other, thus agreeing with a 1:1 Mendelian segregation of mating types ( Table 3 ) .
Morphological study
Single conidial isolates of S. apiospermum developed colonies that attained a diameter of up to 64-75 mm after 14 days on PDA at 30°C. They were dense, cottony to lanose, brownish at the centre, with a whitish, lobate or irregular and fi mbriate margin. Solitary and synnematous conidiophores were present in most of the isolates ( Fig. 1 ) . Solitary conidiophores were usually branched, up to 70-133 μm long, with 1-3 conidiogenous cells at the end of each branch. The conidiogenous cells were lateral or terminal, subhyaline, smooth-walled, usually cylindrical, 6-80 μm long by 1-2 μm wide, and producing percurrent conidia that were obovoid or ellipsoidal, 5-14 μm long by 3-5 μm wide. Synnematous conidiophores were erect, 135-340 μm long, with a cylindrical stipe from 7.5-17.5 μm wide, and terminated in a slimy head of conidia from 60-100 μm long by 80-170 μm wide. The conidia were predominantly cylindrical or claviform, 5-13 μm long by 2-4 μm wide, and with a wide truncate base. Conidia from undifferentiated hyphae were also abundantly produced. They were lateral, usually sessile, brown and thick-walled, mostly globose or subglobose, 5-7 μm long by 4-6 μm wide. No isolate developed the sexual state.
Ascomata derived from positive crosses were immersed or semi-immersed, non-ostiolate, dark brown, spherical or nearly so, 140-480 μm in diameter and with a membranaceus peridium of textura epidermoidea . The asci were 8-spored, evanescent, and ellipsoidal, measuring 12-15 μm long by 10-12 μm wide. The ascospores were broadly fusiform, 7-8 μm long by 4-5 μm wide, attenuated at both ends, yellowish or straw-coloured, with two distal germ pores, and usually with oil drops.
Discussion
Our results demonstrated that S . apiospermum isolates are capable of mating in a heterothallic type system producing fertile ascomata. In previous studies [ 2, 4 ] , none of the isolates of this species studied produced ascomata. This is the fi rst time that heterothallism has been demonstrated in Scedosporium and Pseudallescheria . This phenomenon has been confi rmed by the lack of production of the sexual stage in cultures derived from single conidial or single ascospore isolates, by fertility between single conidial isolate pairs, and by fertility between single ascospore isolate pairs. Mating trials with strains of S. apiospermum have been performed previously, but no fertile crosses were found [ 9 ] . It was probable that in such studies isolates of the same species were not crossed, since until Gilgado et al . [ 2 ,4 ] P. boydii was not known as a complex of species.
In our study, of the seven isolates belonging to one mating type, six had a clinical and one an environmental origin, whereas of those belonging to the other mating type, only one had a clinical origin, the other three being environmental. These results suggest the possibility that the distribution of the two mating types could be different among isolates of clinical and environmental origin. However, further studies with a higher number of isolates are necessary to confi rm these results.
The fact that two of the 15 isolates tested formed ascomata with both mating types is intriguing. Initially, we suspected that these strains could have originated from more than one conidium. For this reason we repeated the studies in order to ensure single conidial isolates, and identical results were obtained. A possible explanation for these results is that these two isolates are actually heterokaryons. This phenomenon has been described in some heterothallic species, i.e., Cryphonectria parasitica [10 ] and Ceratocystis eucalypti [11 ] . To prove this hypothesis, further studies using PCR, with specifi c primers in single conidial isolates, could include the detection of both mating-type idiomorphs. [ 10 ] .
This type of study involving mating experiments, although usually having reproducible and conclusive results, is tedious and time-consuming when a number of isolates are involved. Currently, there are alternative PCR-based methods that consist of assigning each isolate tested to one of the two idiomorphs, MAT 1-1 and MAT 1-2, which are present in all the heterothallic ascomycetes. These idiomorphs correspond to two alleles of the mating type locus ( MAT ) determining compatibility between opposite fungal strains [ 12 ] . However, positive mating tests were typical of the genus Pseudallescheria ( Fig. 2 ) . The relevant traits that allow the teleomorph of S. apiospermum to be distinguished phenotypically from all the accepted species of Pseudallescheria , apart from its heterothallism, are its large ascomata and the negative response to D-ribose assimilation [ 4 ] ( Table 4 ) .
these approaches are not always successful. Similar to the results reported in other studies involving testing of different fungi [ 13 ] , we were unable to amplify the high mobility group (HMG) proteins encoded by the MAT1-2 idiomorphs with the protocol established by Arie et al . [ 14 ] . The present study revealed that the morphological features of the ascomata and ascospores produced in the 
